Abstract
Introduction
Knowledge is considered a complex but strategic resource, which needs to be identified, expressed, acquired, modelled, stored, diffused and valorized [1] . As it plays a fundamental role in success dynamics, it requires to be managed in order to face possible internal changes of the enterprise, learning or problem solving issues, and to facilitate innovation process [2] .
Our interest is in the tacit knowledge, which deals with subconscious ideas, intellectual or physics automatisms which are implicit and difficult to express and articulate. Especially, we focus on tacit knowledge involved in the human expertise and activity, which needs to be made explicit, in order to be shared and reused. According to the classification proposed in [3] , which categorize methodologies also on the basis of the kind of knowledge they intend to capture and model, we focused on those concerning human activity and expertise acquisition and modelling. Moreover, this study regards the specific part of externalization in Nonaka and Takeuchi's theory of organizational knowledge creation. The theory explains how tacit and explicit knowledge interact and how the process of externalization is the conversion from tacit to explicit knowledge.
As a matter of fact, knowledge capitalization is significant when it has the knowledge valorization through the reuse as objective. Several methodologies and tools have been developed to meet this aim. Most of these methods, inherited from knowledge engineering and based on knowledge modelling, can be adapted to answer to the aims of knowledge management, which concerns information storage and communication, but also the way in which people create, acquire and use knowledge. They provide relevant techniques and tools, useful for knowledge management, whose principles coincide with those of knowledge engineering.
Knowledge engineering methodologies are appropriate to acquire and model implicit knowledge. However, as some of them have been defined to develop knowledge-based system (KBS) and expert system, they need to be adapted to the objectives of knowledge management, which aims to build organizational memories in an easy, rapid and inexpensive way [4] . This need of adaptation makes real and tangible the lack of a complete and adaptable methodology, suitable for the whole knowledge management cycle. Moreover, even if the majority of these existing methods are usually appropriate to reach the objectives they are developed for, in this paper we intend to show how each method has something that can improve another one, despite the different final aims. This is the reason why we believe in the potential usefulness and innovation of the combined methodology MNEMO (Methodology for kNowledgE acquisition and MOdelling). It is the result of the analysis, the comparison and, finally, the combination of two techniques in a unique methodological approach [5] . The practice of being inspired by various approaches and ending up creating and using a mixed methodology, which combines procedures belonging to different methods, is already diffused among knowledge managers and engineers. MNEMO tries to formalize this practice, by collecting the most valid structural parts of two of the most well-known and used methods, CommonKADS 1 and MASK (Method of Analysis and Structuring Knowledge), in order to define a mixed and more powerful approach. Besides, MNEMO redefines and potentiates the modelling activity, by redesigning models, and proposes some solutions to the knowledge updating issues.
The paper is structured as follows. In the next section we briefly present related works which deal with such a kind of comparison and combination of knowledge capitalization methodologies. In the third section, after having justified the choice of the two mentioned methods, we describe the analysis procedure and the evaluation context. In the fourth section we introduce the reflections and the methodological choices, which are the basis of the definition of MNEMO, highlighting its connections with them. In the fifth section we are going to describe MNEMO methodological approach in detail, also introducing how to manage knowledge updating issues by using REX (Retour d'Experience) [6] . In the last section we conclude, synthesizing MNEMO's approach and presenting future perspective.
Related work
Several knowledge engineering approaches make it possible the extraction and modelling of knowledge held by domain experts and enclosed in their activities and performances.
In literature, other studies concerning the analysis, the classification and the combination of this kind of methodologies already exist. We quote, as example, the study of [7] , which proposes a classification according to four different criteria. The authors propose a comparison of eight methodologies, according to the following points of view, summarized in four grids:
 capitalization methods, by distinguishing four main criteria: acquisition techniques, knowledge representation and organization methods, model typologies, evolution ways;  kinds of knowledge manipulated, according to three criteria: knowledge sources used, knowledge aspects defined, kinds of knowledge built;  memories produced, by delineating: capitalization aspect, type of memory produced, tasks studied;  method applications, by distinguishing the following criteria: type of methods application, type of validation, tools defined. The results of the mentioned study give a complete framework of methods currently in use. As a matter of fact, such a panorama is the base of the operational choices, which led to the selection of methodologies closer to our claims. However, in our case, the study on acquisition and modeling techniques goes beyond the classification or categorization, by analyzing the method constitutive elements and by expressing critics and comments on the basis of the observations made about the applications of methodologies in real domains.
Also other works dealing with the use of two methodologies at the same time already exist. For example, the contribution of [8] , presents two experiments of the combination of data abstraction and model refinement of MACAO and KADS (Knowledge Acquisition and Documentation Structuring), in order to develop KBS. In this case, it is evident that the main difference with the study presented in this paper lies in the further step done by MNEMO, which tends to synthesize all the conclusions drawn in a unique and inclusive methodological approach with its own guidelines.
Concerning other studies dealing with the definition of mixed methodological approach, we can quote that of [9] . They propose a mixed approach combining the KADS method and the KOD method (Knowledge Oriented Design), but limited to the integration of the two different approaches of 1 It results from the Esprit projects: ESPRIT Project 12 "A methodology for the design of knowledge-based systems" (1983) and Esprit Project 1098 "A methodology for the development of knowledge-based systems" (1985) .
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Definition of a Global Knowledge Management Approach Combining Knowledge Modelling Techniques Maria Teresa Guaglianone, Nada Matta knowledge engineering, top-down and bottom-up. Moreover, this mixed approach is not addressed to specific exigency of knowledge management, remaining in the specific field of knowledge engineering. On the contrary, the novelty of the MNEMO consists in the definition of a whole mixed approach, whose objectives are those of knowledge management, through the integration and the improvement of existing methods.
One of the most recent studies dealing with the proposition of mixed methodology for knowledge capitalization is that of [10] . The proposed method is specifically addressed to the knowledge capitalization in maintenance domain and it integrates reasoning and representation model in order to characterize and manipulate domain knowledge. This method aims to develop a decision help system for diagnosis and reparation of industrial equipment, by building an intelligent application. It combines the representation and modeling method of knowledge engineering and the problem solving method of case-based reasoning. It uses the dynamic aspect of the case-based reasoning cycle for constant knowledge acquisition and actualization from experts and documents, based on engineering analytical methods. But it is still a problem to classify cases and to index collected knowledge. This is the reason why expertise is essential.
Analysis and evaluation context
The preliminary state of the art literature and the census of the most well-known and used methodologies for knowledge capitalization led to choose two methods to be analyzed and evaluated. The chosen methodologies, CommonKADS [11] and MASK [4] , have been selected among the others for two main reasons: the diffusion and usage level in the domain and the equivalence at structural and functional level. Undoubtedly, the first one is a reference and, sometimes, the starting point for the developing of successive methods. Instead, the second one is widely used in many companies, especially the French ones. Moreover, the methods, as mentioned, are suitable to be compared and evaluated, because they are equivalent at structural level and they both aim to represent and model human expertise. CommonKADS and MASK have a similar approach, with some essential differences. So, similarities and common aspects make the comparative analysis and evaluation easy and coherent, while differences permit to evaluate the methods and highlight advantages and disadvantages.
In order to give a basis of concreteness to the results, the idea is to leave the theoretical level and to make tangible the methodologies analysis, by comparing them in such applications to real contexts. This kind of evaluation allows making some considerations on considered methodologies and studying and proposing new solutions, synthesizable and includible in MNEMO's approach.
Case studies
The case studies are represented by the results of five projects, with duration of three months, developed by five students groups of knowledge engineering belonging to the University of Technology of Troyes (UTT) in France. Three of the five projects concern knowledge capitalization in three different domains, by following the methodological approach given by CommonKADS. Instead, the two other projects have been developed by using MASK approach. The projects examine the expertise in riding a motorbike and in playing basketball and the saxophone, through CommonKADS, and the expertise in playing tennis and buying and selling video games, by using MASK. Each CommonKADS application project consists of knowledge collection, by means of free and guided interviews, and of reasoning and domain modelling.
The MASK application projects contain the same activities, but they end, as previewed by the methodology, with the creation of the Knowledge Book, which defines the access order to the models.
The results of the projects made it possible to make some observations and detect some weaknesses in these techniques. The results provide examples of realized models and they give the possibility to concretely evaluate the final outcomes, in order to compare them with the expected ones and draw some conclusions.
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Methodologies comparison procedure
Both considered approaches have proper modelling language and methodological guides, which aim to highlight and catch the three main aspects of the expertise, which are the, "why", the "how" and the "what", and to allow the conceptual modelling [3] . The chosen criteria for the comparative analysis involve the whole cycle of knowledge acquisition and modelling and they reflect the main characteristics of knowledge capitalization methods, identifying and describing:
 the concrete object delivered at the end of capitalization cycle;  the knowledge formalizing methodological aspects;  the approach typology (ascendant or descendant);  the models definition modalities;  knowledge representation typology (textual and/or graphical). In other terms, the criteria take into account the deliverable, the general approach in acquisition and modelling phases, the conceptual modelling language and the presentation type.
MNEMO and its relations with CommonKADS and MASK
In this section, we are going to contemporarily report the results of the analysis and evaluation made on the two methods taken as the basis for the new approach definition and to partly present the combined approach of MNEMO. It starts from the integration of CommonKADS and MASK and gets to the definition of a unique and comprehensive methodology.
The presentation is organized according to the same criteria used to arrange the analysis and evaluation activities, which also correspond to the MNEMO's main pillars.
Deliverable
We can state that the deliverable synthesizes and announces the general approach, the main principles and objectives of a methodology.
MNEMO aspires to create a flexible final object, containing the collected knowledge, which is characterized by multimedia and hypertext aspects and which can provide the easy and diversified access to knowledge, according to user needs, without excluding the formal representation.
The conception of such a kind of deliverable derives from the considerations emerged from the comparison between the different objects delivered by CommonKADS and MASK: respectively a KBS and the Knowledge Book.
CommonKADS is situated in the traditional space of knowledge engineering, while MASK has been adapted to the multiple exigencies of knowledge management, by taking into account issues in preserving, using and sharing knowledge. As mentioned, this general consideration on the main purpose reveals the kind of object delivered. In fact, as presumable, CommonKADS needs a more formal and structured approach, in order to answer to the requirements in delivering a KBS for problem solving. On the contrary, MASK follows a more flexible and less rigid approach, which ensures the definition of a more flexible object to help domain experts in everyday working life issues.
By evaluating the two different deliverable proposed by CommonKADS and MASK, we can state that the production of a KBS and the consequent more formal knowledge description with CommonKADS have the advantage to allow the representation and modelling of complex expertise, which is acquired and modelled in order to be executable, but also the disadvantage represented by the modelling activity, whose result is difficult to be understood by domain experts, because of such a formal level of representation. Among the advantages of the Knowledge Book, delivered by MASK, reference document for the company, we find: the terminology easy to be understood, thanks to the specific activity language and formalism used to express knowledge, instead of generic knowledge engineering vocabulary as task, method, concept, etc.; the easy access to knowledge thanks to several and customized views and presentations. However, this attempt of adaptation to user exigencies causes some difficulties in modelling complex expertise and in guaranteeing coherency in represented knowledge.
In this scenario, MNEMO captures these advantages and aims to predispose a multimedia object that has the vocation of MASK Knowledge Book and that can be widely exploitable by experts.
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Nevertheless, it does not exclude the formal dimension of knowledge representation provided by CommonKADS, in order to make possible a more efficient use of collected knowledge.
Approach
Concerning approach aspects, the operational choices in MNEMO definition process allow time gaining and models usability, privileging MASK suggestions for timing and mode of knowledge acquisition and modelling.
In CommonKADS knowledge acquisition and modelling are carried out in two different and sequential steps in a cyclical way in order to reach efficient and precise formalization. It is possible to observe that carrying them out in two different steps allows the spontaneous intervention of domain experts, which focalize their attention only on the acquisition activity and not on the modelling one, and the more accurate elaboration of models by knowledge engineers. However, there is the disadvantage of missing the instant feedback of domain experts. On the contrary, MASK follows a less rigid approach by recommending carrying out knowledge acquisition and modelling at the same time, with the models co-construction together with domain experts. It leads to gain time and to immediately validate knowledge, thanks to the active participation of domain experts in modelling activity from the beginning. The inconvenient, in this case, is that it is impossible to guarantee a high level of accuracy in acquisition and modelling activities.
As mentioned, MNEMO recommends to gain time carrying out the acquisition and modelling activities at the same time with the models co-building, inherited from MASK. This solution also advantages the model usability through the support of expert in abstracting and formalizing its own knowledge as well as in giving instantaneous feedback and validation.
Modelling guide
According to the declared purpose of wide model usability, MNEMO opts for a modelling guide, which can be useful for both knowledge workers and domain experts. It combines both ascendant and descendent strategies adopted by mentioned existing methods.
Analysing the type of approach, we can see that CommonKADS allows both the rational knowledge acquisition guided by models of generic tasks and the model adaptation to application context. The advantage of this kind of integration is to facilitate knowledge acquisition, with the possibility for knowledge engineer to select the suitable generic task and to use it to guide the collection of knowledge, which will be close to that of generic tasks [9] . The use of generic tasks allows achieving a pertinent abstraction level, guaranteed by the existing templates, and the domain independent representation, thanks to the description of knowledge model in terms of task-oriented role names and not in terms of data model elements. But, at the same time, the use of existing templates poses some criticalities, because of the requirement of some efforts in adapting generic models to the specific domain expertise in order to remain coherent with it, and to not obtain a complex and poorly understandable knowledge model. On the contrary, MASK gives more possibilities of personalization in models abstraction and it allows producing more comprehensible models, titled by their content and modifiable at the suggestion of domain experts. However, in this case, knowledge engineers do not have the support of generic tasks to guide knowledge acquisition, so they need to know deeply the model representation structure. Furthermore, the description of reasoning process at a good abstraction level is not guaranteed, because of the wide possibility of model personalization.
All the considerations drawn allow operating specific choices in MNEMO, which recommends the complementary use of bottom up and downward approaches. This way, it intends to bring benefit to both knowledge workers and users, with the CommonKADS generic tasks as guide in knowledge acquisition and the chance to make it possible the model comprehensibility, like in MASK.
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Conceptual Modelling Language
The modelling activity represents the key part of MNEMO approach, thanks to its important role in knowledge expression and capture.
Both CommonKADS and MASK are guided by a conceptual modelling language for models specification. The operational analysis of the models examples created in the projects used as case studies makes possible the definition of opportunities concerning models.
At the task level, both methodologies offer the specification of "why" and "how" and the task decomposition in sub-tasks. Concerning CommonKADS, once again we can include among its strengths the generic character of task and data description, which are domain-independent and enable various forms of reuse in different application contexts. However, the task specification only through its input and output and the lack of description of activities flow and sequencing do not give enough information about the process, which is difficult to be understood by experts. About MASK, despite the poorly accurate task specification because of the non-use of generic tasks, it focuses on the specification of activity flow, with the distribution of tasks over agents and the well-represented link to domain model, thanks to information given about types of knowledge used, constraints, comments, inputs and outputs.
At the domain level, the semantic graphs used in CommonKADS to represent the concepts and the relations between them are more advantageous compared to the concept trees of MASK, even if they are easy to interpret. In fact, the semantic graphs allow the expression of additional semantic information, thanks to the opportunity to label the links in order to express the nature of relations.
MASK provides two additional models concerning the knowledge history and evolution. They represent the further positive aspect of the methodology, because they permit the description of historical context and environment, which are explicative of the context evolution and knowledge elements.
Concerning model specification, MNEMO does not simply highlight and choose the best of each methodology and/or combine it in a unique solution, but it redefines the three levels of knowledge types and the way to describe and represent them. So, in this case, the connection point between MNEMO and the considered methods, CommonKADS and MASK, lies in the observation and overcoming of their limitations, proposing innovative solutions, and in catching the most evident benefit offered by MASK, that is the consideration of the knowledge evolutionary dimension. The structure and the specification of all conceptual modelling language elements are discussed and presented in detail in section 5.
Presentation type
Regarding knowledge presentation type, it is evident that CommonKADS offers more benefits than MASK by proposing a double presentation, by means of both textual and graphical notations. Nonetheless, the graphical presentation provided by MASK is more perceptible and intelligible than that of CommonKADS, especially in task and process description, as presented above.
As in MNEMO statement of intent, it chooses to take advantage of both graphical and textual notations as it is in CommonKADS, improving the graphical one, through MASK's graphical presentation type, always closer to user way of analyzing and interpreting data.
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MNEMO methodological approach
All the observations and considerations made are the basis for the new approach definition which, starting from the integration of CommonKADS and MASK, gets to the specification of a unique method. Concerning the creation of organizational memories, it is called MNEMO from the Greek μνήμων, which means mindful. It aspires to be a flexible and global approach for knowledge acquisition and modelling, which can be adapted to a wide range of organizational needs. MNEMO looks for the balance between a pertinent level of abstraction and coherency and a satisfying level of clarity and understandability in knowledge representation.
On the basis of our requirements linked to the purpose that MNEMO intends to achieve, its main elements are:
 the creation of a final object, containing the collected knowledge, which is characterized by multimedia and hypertext aspects and which can provide the easy and diversified access to the collected knowledge, according to user needs, without excluding the formal representation, which can be provided, for example, by RDF, XML and ontology;  the complementary use of the bottom-up and top-down approaches for knowledge acquisition and modelling, in order to avoid the critical issues that often characterize their single application, which could determine the lack of the appropriate knowledge abstraction level or the overgeneralization in acquisition and modelling;  the active participation of experts in modelling activity through the co-construction of models that will represent and organize their own knowledge;  the redefinition of knowledge types and models, in order to make them intelligible to the users, which do not dispose of the same theoretical tools of knowledge engineers for understanding;  the constant updating of collected knowledge, through elementary pieces of knowledge systematically realized and stored form experts. In other terms, MNEMO aims to predispose a multimedia object that can be widely exploitable by experts. The theme of user exploitability is essential, because the methodology is especially addressed to valorize knowledge management characteristics of accessibility and sharing: it should be accessed and close to user way of thinking and working, in order to make active use of knowledge. The end user and the future use that he will make of knowledge are the guiding principles from which MNEMO originates. So, acquired and represented knowledge try to be closely similar, at the cognitive level, to that of experts, attempting to pursue intelligibility and personalization of knowledge views. Nevertheless, formal dimension of knowledge representation is not excluded, in order to make possible a more efficient use of collected knowledge and to not preclude some further opportunities of information manipulation and exploitation. In this perspective, the approach includes both graphical and textual notations, in order to satisfy the double, formal and less formal, dimension of knowledge representation. Even though user is a fundamental element in knowledge management, the process needs the intervention of knowledge workers. So, MNEMO also intends to offer them a methodological guide, by including the CommonKADS generic tasks, which support them in the knowledge acquisition process. Moreover, it embeds the complementary use of bottom up and downward approaches of knowledge modelling, in order to catch all the relevant knowledge and reach a good level of both abstraction and representativeness. Designed for this purpose is also the use of the models co-building, inherited from MASK, which guarantees time gain and models usability. Experts help to abstract and formalize their reasoning in order to enrich models and, at the same time, they give their instantaneous feedback and validation. Especially, they contribute to models comprehensibility, by helping to build models as a mirror of their knowledge [4] .
The core of MNEMO consists in the importance given to the modelling activity, which represents the most significant step in expressing and capturing knowledge. For this reason, models are the key part of the methodology and they have been subject to the major theoretical reflections, which led to the adaptation of knowledge modelling formalism and to the identification and definition of the conceptual elements that have to be considered in knowledge modelling. In particular, the MNEMO modelling formalism for knowledge description includes the three levels of types of knowledge concerning the activity flow, the activity realization, the domain and a further type, which considers the knowledge evolution.
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All the conceptual modelling language elements are linked among them, with the possibility to add commentaries. In detail, the activity flow modelling corresponds to the task definition and it results from the combination of the information concerning the following knowledge elements:
 Task: definition of activities to be performed, in which the tasks are named by the specific objectives to be achieved and the activities are described according to their inputs and outputs;  Domain: definition of objects, resources and concepts of the domain involved in the task characterization;  Actors: description of actors involved at each steps of the activity performance. In other words, the activity flow represent the task to be performed, by indicating what the expert have in input and which will be the result at the end of his activity. To produce the expected result, the agent needs to know which competences, abilities and instruments are required to accomplish the task.
The second level of knowledge type, the activity realization, which practically helps domain experts in performing tasks, is the description of the task realization process and it combines and links:
 Task: definition of activities to be performed;  Problem solving methods: definition of how to carry out the task, by describing the tasks scheduling through the hierarchical decomposition of each activity into lower level activities. So, after having declared the output in the task definition, the task realization process gives information about the order in which activities have to be performed, identifying actions to be executed contemporarily or consecutively.
Domain knowledge representation, essential for the discovery and comprehension of domain concepts inevitably involved in the activity flow, results from:
 Classification: hierarchical classification of domain concepts;  Concepts relations: specification of relations among concepts;  Rules/constraints: specification of types of rules and conditions to take into account for the activity realization. This type of representation gives a complete framework of domain knowledge describing its main components and the relations among them.
The last knowledge level description is that of knowledge evolution that is given by the synthetic reconstruction of mutual relations net among knowledge and other sub-systems, through the integration of knowledge evolution in contextual system, and the general temporal view, given by a posteriori analysis, of main objects/concepts evolutions with reasoned argumentations.
The further step of MNEMO takes into account the issue of knowledge updating, which, once acquired and modelled, risks to become obsolete. Some additional techniques and procedures are necessary to manage the continuous knowledge acquisition process in order to update the organizational memory. We find suitable for this purpose the forms provided by REX methodology, whose objective is to create an experience memory, structured as elementary pieces of experience (fiches), which are systematically compiled by experts in a feedback form [13] . The domain experts fill in the forms, by describing a single piece of knowledge represented by an event. It consists in the description of context, facts (for example, a malfunction or an accident), comments or remarks, and in the modelling of process and solving strategies. The idea consists in using the forms created by experts as permanent sources of knowledge to make it possible the continuous knowledge acquisition and the consequent organizational memory updating.
Perspective and conclusion
The goal of this paper was to illustrate the results of the analysis and comparison between knowledge modelling techniques, which led to the definition of the combined approach MNEMO, a global methodological approach for knowledge management. It starts from the combination of CommonKADS and MASK, reviewed and evaluated on the basis of the outcomes of their application in real domains, and gets to the status of full innovative knowledge capitalization method. The comparison revealed that existing methods are not completely suitable to afford knowledge management issues, but it also showed that they present many positive elements which can be widely exploited. This is the reason why we introduced a mix method integrating the existing ones and enriching them by redefining the modelling activity and by embedding REX methodology forms in the approach, in order to improve knowledge representation and manage constant knowledge updating.
In synthesis, MNEMO aims to the creation of a final object that contains the collected knowledge and guarantees the easy and diversified access, according to user exigencies. Nevertheless it doesn't exclude formal representation provided by, for instance, by the use of RDF, XML and ontology. Moreover, it proposes the complementary use of bottom-up and top-down approaches, aiming to provide a methodological guide and to avoid the critical issues involved in applying them individually. It also involves the model co-building with domain experts and it helps, through the model redefinition, to make collected knowledge easily intelligible and exploitable. Finally, MNEMO doesn't leave out all aspects concerning the continuous acquisition and updating of knowledge, which become obsolete. To face this issue, it introduces the use of the REX forms, systematically filled in by domain experts, which memorize descriptive elements about their single experiences. The intention is to use these forms as permanent sources of knowledge, useful to update organizational memories.
The concreteness and reliability to the new approach will be validated through a testing phase. The validation will be carried out on the green building and it will start approximately in April 2012 thanks to the kind cooperation of a building company. The testing will help to find ideas for improvement.
Other future perspectives concern the opportunity to potentiate knowledge updating strategies by exploiting knowledge representation provided by semantic web technologies and to use the text mining strategies for exploring knowledge enclosed in different sources (production rules, standards, communities of practice, forums, etc.) [11] . They could be useful to find further elements for knowledge classification and representation, also through the proposal of keywords to be associated to the elementary pieces of knowledge built with REX, in order to take advantage of them for the modification and continuous updating of the domain and task models by knowledge engineers.
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